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PORTABLE  WATER-JET  PUMPS 


M.   L.  Fein 

Mechanical  oil  pumps  as  a  source  of  low  pressure  in  the  vacuum  distillation 
of  high  boiling  acid  chlorides  are  unsatisfactory,  since  continued  use  of  an 
oil  pump  for  this  purpose  usually  results  in  corrosion  and  pump  failure,  .in 
spite  of  protective  traps  and  frequent  oil  changes.  Use  of  a  water  aspira- 
tor connected  to  a  water  line,  although  it  avoids  the  corrosion  problem  en- 
countered with  mechanical  pumps,  introduces  the  following  problems:  fluc- 
tuation in  line  water  pressure,  low  line  water  pressure,  warm  water  in  line 
(especially  in  summer) ,  inconvenient  water  outlets  and  drains,  and,  in  many 
localities,   the  relatively  high  cost  of  water. 

These  problems  were  overcome  here  by  circulating  cooled  water  at  virtually 
constant  pressure  through  a  water  jet.  The  assembly  is  mounted  so  that  it 
can  be  easily  moved  to  any  part  of  the  laboratory.  Readily  available  parts 
may  be  used  in  its  construction.  This  equipment,  suitable  for  distilling 
high  boiling  acid  chlorides  in  the  pressure  range  of  5  to  10  mm.  Hg. ,  has 
proved  generally  useful  and  satisfactory  here  for  18  months,  and  replicas 
have  been  constructed  and  used  advantageously  by  others.  The  present  paper, 
prepared  largely  in  response  to  requests  for  a  detailed  description  of  the 
water-jet  pumps,  describes  the  construction  and  performance  of  two  portable 
pumps  of  different  size  and  capacity. 

The  technical  literature  contains  articles  (l,  2,  Z)  on  equipment  similar  to 
the  larger  apparatus  described  in  this  paper.  No  reference  has  been  found, 
however,  to  equipment  similar  to  the  smaller  assembly,  which  is  very  con- 
venient for  use  in  limited  space.  A  commercial  unit  (Whittington  Pump  and 
Engineering  Company,  "Handivac") A  is  available  for  use  at  pressures  as  low 
as  50  mm.  Hg.  In  general,  the  apparatus  outlined  herein  combines  most  of 
the  advantages  of  those  reported  earlier. 

Figure  I  shows  the  pumping  rate  of  these  two  pumps  when  evacuating  a  closed 
system  slightly  larger  than  5  liters.  These  curves  show  that  a  5-liter 
closed  system  can  be  evacuated  to  a  pressure  of  5.2  mm,,  approximately  the 
vapor  pressure  of  the  circulating  water,  in  4  minutes  with  the  large  equip- 
ment, and  in  22  minutes  with  the  smaller  assembly.  A  duplicate  of  the  large 
apparatus  yielded  the  following  data   (4)  on  pumping  rates: 

(1)  with  Shutte-Koerting  00  ejector:     1.05  cu.    ft.   free  air/min. 

(2)  with  Fisher  ejector:     0.2  cu.   ft.   free  air/min. 

A 

The  mention  of  specific  brands  or  manufacturers  should  not  be  considered  an  endorsement 
or  recommendation  of   these  over  others  not  mentioned. 
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These  data  indicate  that  the  large  equipment  (using  the  00  ejector)  has  a 
pumping  speed  for  free  air  equal  to  the  Cenco  Pressovac  or  Welch  Duo  Seal 
1406  mechanical  oil  pump   (5) - 

DESCRIPTION  AND  OPERATION  OF  LARGE  PUMP 


Figures  2  and  3  give  details  of  construction  and  assembly.  The  pump,  motor6 
and  bypass  were  purchased  as  a  unit,  completely  assembled  and  mounted  on  10 
inch  channel  iron.  The  remaining  operations,  that  is,  construction  of  the 
frame  and  insulation  box  and  assembly  of  the  various  parts,  were  carried  out 
in  this  Laboratory. 

The  operation  of  this  equipment  is  straightforward  and  requires  few  precau- 
tions. The  crock  used  as  water  reservoir  should  contain  at  least  5  gallons 
of  water.  If  desired,  a  little  ethanolamine  may  be  added  to  the  water  to 
neutralize  acid  vapors  trapped  during  the  distillation  of  corrosive  mater- 
ials such  as  acid  chlorides.  When"  pressures  of  6  to  10  mm.  are  required, 
the  crock  should  be  packed  with  large  pieces  of  ice  to  keep  the  temperature 
of  the  water  low.  The  ice  should  be  rinsed  clean  before  use.  The  screen  at 
the  bottom  of  the  intake  line  will  collect  most  of  the  larger  particles  of 
foreign  matter  that  would  clog' the  ejector.  The  intake  line  is  easily  re 
moved  with  a  pipe  wrench1  for  the  purpose  ol"  cT'eaning  >.  or1  replacing  the 
strainer.  A  gradual  drop  in  water  pressure  during  normal  operating  condi- 
tions usually  indicates  that  the  strainer  requires  cleaning.  Water  pressure 
can  be  controlled  by  the  bypass,  the  pressure  dropping  gradually  as  the  by- 
pass is  opened-  In  this  laboratory,  the  pump  is  usually  operated  with  the 
bypass  closed,  thus  utilizing  the  maximum  water  pressure  at  the  top  of  the 
ej  ector. 

This  pump  requires  priming  to  start  unless  a  foot  valve  is  .installed  (4)  on 
the  intake  line*  For  our  purpose --the  distillation  of  corrosive  materials  - 
it  is  desirable  that  the  pump,  ejector,  and  lines  be  drained  and  washed  with 
water  after  each  run,  and  therefore  the  pump  is  primed  each  time  it  is  used. 
This  is  done  by  removing  the  1-1/4  inch  plug  (Fig„  3)  and  pouring  about  a 
quart  of  water  in  the  top.  The  plug  is  immediately  replaced  and  given  a  few 
turns,  and  the  motor  is  started,  The  pump  priming  will  be  completed  while 
the  plug  is  being  tightened  with  a  wrench.  This  operation  may  require  a 
little  practice  at  first.  The  water  will  circulate  at  a  pressure  of  about 
55  lbs  per  square  inch  if  the  various  fittings  are  tight  and  the  strainer  rs 
clean-     All  'values  should  be  closed  before  the  pump  is  started. 

g 

Safety  precaution;      If   a   1-H.P.   220  -v..    3  -  phase  motor   is  used  as  shown    in  Fig.    3,  an 
electrical   connection   on  the   cord  similar  to  the  ever-lok  no.  8  004,   4-pole  [receptacle 
and  plug  (Russell   and  Stoll  Co.,   New  York.)    should  be  used. 


The  vacuum  line  leading  from  the  side  arm  of  the  ejector  consists  of  a  one 
half  inch  needle  valve  and  a  solenoid  valve,  connected  in  parallel  (electri- 
cally) with  the  motor  and  the  necessary  fittings.  VJhen  the  needle  valve  is 
opened,  the  system  attached  to  the  serrated  tip  is  evacuated.  The  solenoid 
valve  protects  the  evacuated  system  from  water  back-up  due  to  current  fail- 
ure. It  should  also  be  protected  as  well  as  possible  from  water  back-up  due 
to  a  clogged  line  or  ejector.  This  is  best  done  by  using  a  trap  and  check 
valve  between  the  needle  valve  and  the  evacuated  system.  There  are  many 
references  in  the  literature  to  various  types  of  check  valves.  Many  will 
retard  the  back-up  of  water  sufficiently  for  the  operator  to  close  the 
needle  valve  before  damage  is  done. 

Operation  of  the  large  pump  is  terminated,  and  the  pump  is  cleaned  as  fol- 
lows: The  needle  valve  is  closed,  and  :a  piece  of  rubber  tubing  long 
enough  to  reach  a  drain  is  attached  to  the  serrated  tip  of  the  gate  valve. 
The  bypass  is  opened  until  the  water  pressure  is  reduced  to  about  10  lbs.  , 
and  then  the  gate  valve  is  opened.  The  pump  will  empty  the  crock  to  the 
level  of  the  intake  line  in  several  minutes.  The  motor  is  stopped  when  no 
more  wate-r  comes  out  of  the  gate  valve,  and  then  this  valve  Is  closed. 
Fresh  water  is  poured  into  the  opening  at  the  top  (the  same  one  used  for 
priming  the  pump)  to  wash  out  the  pump  directly  below  and  the  discharge 
side,  which  includes  the  ejector.  Eesidual  water  in  the  crock  may  be  si- 
phoned out  to  complete  the  cleaning  job. 

DESCRIPTION  AND  OPERATION  OF-  SMALL  PUMP 

Figure  4.  a  photograph  of  the  small  equipment,  and  Figures  5  and  6  show  de- 
tails of  construction  and  assembly-  The  pump  and  motor  were  purchased  as  a 
unit,  and  the  frame  was  constructed  from  angle  iron  and  strap.  Various  mem- 
bers of  the  frame  were  welded;  these  included  the  top  bend  and  plate  of  the 
pump  support  and  the  joints  of  all  the  members  supporting  the  5  gallon 
crock.  The  cylinders  holding  the  swivel  casters  also  were  welded  into 
place.  The  wire  screen  basket  was  constructed  from  stainless  steel  screen 
(20  x  20  mesh)  supported  on  a  stainless  steel  rod  frame.  It  was  fitted  to 
slide  easily  in  and  out  of  the  crock. 

The  operation  of  this  equipment  is  somewhat  similar  to  that  of  the  larger 
assembly.  This  pump  requires  priming  to  start.  This  is  done  simply  by  run- 
ning water  into  the  crock  until  it  is  slightly  above  the  end  of  the  intake 
tube  Then  the  running  water  is  sent  into  the  3/8  inch  intake  tube.  The 
motor  is  turned  on  when  the  water  starts  coming  out  of  the  ejector.  The 
rubber  tubing  is  removed  from  the  inlet  tube  at  the  same  instant  the  motor 


FIG.4 


is  turned  on.  This  operation  may  require  a  little  practice.  An  alternative 
method  of  priming  this  type  of  pump  requires  a  slight  modification  of  struc- 
ture A  Tee  is  inserted  between  the  pump  and  inlet  tube.  The  third  opening 
of  the  Tee  is  connected  to  a  gate  valve  and  3/8  inch  brass  soldering  nipple. 
Water  is  run  in  through  the  nipple  and  open  gate  valve,  and  the  motor  is 
started.     The  gate  valve  is  closed  when  the  pump  is  primed. 

When  the  apparatus  is  operated,  the  water  level  in  the  crock  should  be  about 
1  inch  above  the  end  of  the  ejector.  If  a  good  vacuum  is  required,  the  wire 
basket  should  be  filled  with  clean  ice  to  keep  the  temperature  of  the  water 
low.  The  small  ejectors  are  sensitive  to  dirt  and  small  particles.  The 
wire  basket  acts  as  a  large  filter  for  the  intake  line.  Because  of  the  high 
speed  motor  and  pump  (6000  R  P.M.)  and  relatively  small  diameter  intake 
tube,  a  small  filter  on  the  .intake  line  retards  the  flow  so  much  that  the 
apparatus  does  not  work  properly. 

The  assembly  operates  normally  at  a  water  pressure  between  30  and  34  lbs. 
per  square  inch,   and  supplies  adequate  water  at  this  pressure  to  operate  a 
good  laboratory  ejector. 

Water  may  be  drained  by  means  of  a  turn -type  spigot  to  make  room  for  more 
ice  as  needed,  or  to  empty  the  crock  when  a  run  is  completed.  The  pump  and 
ejector  are  washed  by  the  method  described  for  priming  the  pump, 

A  solenoid  valve,   trap  and  check  valve  may  be  attached  to  this  assembly  just 
as  described  for  the  larger  equipment.     If  neither  solenoid  nor  check  valve 
is  used,   as  shown  in  Figures  5  and  6,   the  motor  should  not  be  turned  off  un 
til  after  the  vacuum  connecting  line  from  the  ejector  to  the  system  being 
evacuated  has  been  clamped  or  disconnected 

Inasmuch  as  this  smaller  apparatus  does  not  have  the  pumping  capacity  of  the 
large  one,  a  good  vacuum  is  achieved  only  in  well -assembled  systems  having 
tight  joints. 
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